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Among the many biological effects of
ultraviolet radiation (UVR), UVR-induced
immunosuppression is one of the least
understood. It is known for decades that
UVR, in particular the UVB range (290–
320 nm), suppresses immune reactions
(Ullrich and Byrne, 2012). UVR-induced
immunosuppression differs from drug-
induced immunosuppression in several
ways. It is induced by low/physiologic
doses of UVR, causes long-term sup-
pression, is antigen-specific, and affects
primarily T cell–driven immune reac-
tions (Schwarz, 2010). This was con-
vincingly demonstrated in the model of
contact hypersensitivity (Toews et al.,
1980), the most frequently used
model to study photoimmunology. The
antigen-specificity of the suppression is
due to the induction of T cells with
suppressive properties (Elmets et al.,
1983). These cells, in those days called
T suppressor cells, are nowadays called
regulatory T cells (Treg) (Beissert et al.,
2006). UVR-Treg are induced by UVR-
damaged Langerhans cells (LC), which
migrate from the epidermis into the
regional lymph nodes, present there the
antigen in a non-professional manner
and thereby induce Treg (Schwarz
et al., 2005). The crucial role of LC in
inducing UVR-Treg has been clearly
demonstrated in transgenic mice in
which LC can be selectively depleted
(Schwarz et al., 2010). This adds to the
recently redefined functional role of LC
whose primary function appears to be
more downregulating than inducing
immune responses in the skin (Clausen
and Kel, 2010).
Owing to the expression of specific
homing receptors, UVR-Treg locate in
the lymph nodes and thus primarily
inhibit sensitization (Schwarz et al.,
2004). Since they act in an antigen-
specific manner they harbor thera-
peutic potential, but in this case they
have not only to prevent sensitization
but also to inhibit elicitation. Recently,
strategies were identified by which the
migratory behavior of UVR-Treg can be
modified in such a way that they
migrate into the periphery and thus
inhibit the elicitation of immune res-
ponses (Schwarz et al., 2007; Schwarz
et al., 2011).
Vitamin D, which is generated by
UVR in the skin, has been demonstrated
to exert immunosuppressive functions
(Mora et al., 2008). Accordingly, it
was shown that topical application of
vitamin D induces Treg, which act in a
similar manner like UVR-Treg (Schwarz
et al., 2012). However, knockout mice
deficient in the vitamin D receptor were
equally susceptible to UVR-induced
immunosuppression compared with
wild-type mice, indicating that vitamin
D exerts similar immunosuppressive
effects as UVR but appears to be dis-
pensable for local UVR-induced
immunosuppression.
In a variety of experimental models it
was demonstrated that UVR can suppress
immune reactions against bacterial,
viral, and fungal infections (Chapman
et al., 1995). Mice sensitized with
herpes simplex virus developed pro-
nounced ulcerous lesions after cutaneous
inoculation with the herpes virus, pro-
vided the animals were exposed to UVR
before inoculation (El-Ghorr and Norval,
1996). However, bacterial superin-
fections on UVR exposure are rarely
observed in the clinical setting. Even
heavily superinfected dermatoses like
atopic dermatitis improve on photo-
therapy even without antiseptic treat-
ment. This obvious discrepancy is due
to the fact that T cells are not at all
relevant for the antibacterial response in
the skin. This job is mostly done by the
innate immune system, in particular by
antimicrobial peptides (AMPs), which are
produced in quite high amounts in the
skin (Harder and Schro¨der, 2005).
UVR was shown to induce the secre-
tion of AMPs including defensins, which
explains the good antimicrobial defense
despite suppressed T-cell immunity
(Gla¨ser et al., 2009). Hence, UVR exerts
diverse effects on the immune system
suppressing the adaptive but inducing
the innate immune response. T cells in
the skin are the critical cellular media-
tors of the vast majority of inflammatory
dermatoses and thus probably more
harmful than beneficial (Robert &
Kupper, 1999). Hence, it is fair and
tempting to speculate that a certain
and constant level of immuno-
suppression by physiologic UVR doses
might be beneficial, taming over-
shooting immune reactions (Schwarz,
2010). At the same time, by inducing
AMPs these low UVR doses may sup-
port the antibacterial defense. Accord-
ing this line, it was recently shown that
defensins exert also immunosuppressive
functions, in particular induction of Treg
(Navid et al., 2012). This implies that
defensins may protect the skin from
microbial attacks on the one hand, but
tame T cell–driven reactions on the
other hand, thereby enabling an anti-
microbial defense without collateral
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damage by the adaptive immune system
(Figure 1).
For decades, it was assumed that UVR
suppresses all immune responses that is
harmful and has to be prevented in any
case. On the basis of the recent data,
there is accumulating evidence that
UVR in physiologic doses exerts diverse
effects on the immune system; it induces
the innate but suppresses the adaptive
immune system. Both effects may be
beneficial, protecting from microbial
infections on the one hand, but toning
down allergic and autoimmune reac-
tions on the other hand. These effects
could be part of a protection mechanism
evolved during evolution (Schwarz,
2010). This is an argument against total
sun protection—which by the way can-
not be regarded as physiological since
ambient solar exposure is essential—
and thus might have important implica-
tions for future sun protection strategies.
The crucial question is ‘‘How much is
much enough?’’ This certainly will vary
between the individuals and the indivi-
dual ‘‘physiologic’’ dose remains to be
defined. Nevertheless, despite these
new insights and the change in the
opinion about UVR-induced immuno-
suppression excessive and chronic nat-
ural as well as artificial UVR exposure
will remain one of the major environ-
mental threats for human health causing
skin cancer and premature skin (photo)
aging (Schwarz, 2010).
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Figure 1. Ultraviolet radiation induces the release of antimicrobial peptides and suppresses sensitization
against contact allergens. UVR disrupts the corneal layer, which makes bacteria and contact allergens to
penetrate easier. UVR stimulates keratinocytes to release antimicrobial peptides (AMPs), which attack the
invading microbes. UVR damages Langerhans cells (LC), which present antigens in a non-professional
manner, finally resulting not in sensitization but in the induction of regulatory T cells (Treg). Treg suppress
the contact hypersensitivity response against these antigens. AMPs also support the induction of Treg,
thereby enabling an antimicrobial defense without collateral damage by the adaptive immune system.
Slightly modified from J Invest Dermatol 2010;130:49–54.
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